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1 Introduction
Studies of hard exclusive reactions rely on the factorization properties of the lead-
ing twist amplitudes [1] for deeply virtual Compton scattering and deep exclusive
meson production. The leading twist distribution amplitude (DA) of a transversally
polarized vector meson is chiral-odd, and hence decouples from hard amplitudes even
when another chiral-odd quantity is involved [2] unless in reactions with more than
two final hadrons [3]. Thus, transversally polarized ρ−meson production is generically
governed by twist 3 contributions for which a pure collinear factorization fails due
to the appearance of end-point singularities [4, 5]. The meson quark gluon structure
within collinear factorization may be described by Distribution Amplitudes (DAs),
classified in [6]. On the experimental side, in photo and electro-production and from
moderate to very large energy [7, 8], the kinematical analysis of the final π−meson
pair allows to measure the ρT−meson production amplitude, which is by no means
negligible and needs to be understood in terms of QCD. Up to now, experimental in-
formation comes from electroproduction on a proton or nucleus. We will specifically
concentrate on the case of very high energy collisions at colliders. Future progress in
this range may come from real or virtual photon photon collisions [9, 10].
In the literature there are two approaches to the factorization of the scattering
amplitudes in exclusive processes at leading and higher twists. The first approach
[11, 5], which we will call Light-Cone Collinear Factorization (LCCF), is the general-
ization of the Ellis-Furmanski-Petronzio (EFP) method [12] to the exclusive processes,
and deals with the factorization in the momentum space around the dominant light-
cone direction. On the other hand, there exists a Covariant Collinear Factorization
(CCF) approach in coordinate space succesfully applied in [6] for a systematic de-
scription of DAs of hadrons carrying different twists. Although being quite different
and using different DAs, both approaches can be applied to the description of the
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same processes. We have shown that these two descriptions are equivalent at twist
3 [13, 14]. We first establish a precise vocabulary between objects appearing in the
two approaches. Then we calculate within both methods the impact factor γ∗ → ρT ,
up to twist 3 accuracy, and prove the full consistency between the two results. The
key idea within LCCF is the invariance of the scattering amplitude under rotation
of the light-cone vector nµ (conjugated to the light-cone momentum of the partons),
which we call n-independence condition. Combined with the equation of motions
(EOMs), this reduces the number of relevant soft correlators to a minimal set. For
ρ-production up to twist 3, this reduces a set of 7 DAs to 3 independent DAs which
fully incodes the non-perturbative content of the ρ-wave function.
2 LCCF factorization of exclusive processes
2.1 Factorization beyond leading twist
The most general form of the amplitude for the hard exclusive process A → ρB is,
in the momentum representation and in axial gauge,
A =
∫
d4ℓ tr
[
H(ℓ) Φ(ℓ)
]
+
∫
d4ℓ1 d
4ℓ2 tr
[
Hµ(ℓ1, ℓ2) Φ
µ(ℓ1, ℓ2)
]
+ . . . , (1)
where H and Hµ are 2- and 3-parton coefficient functions, respectively. In (1), the
soft parts are given by the Fourier-transformed 2- or 3-partons correlators which are
matrix elements of non-local operators. To factorize the amplitude, we choose the
dominant direction around which we decompose our relevant momenta and we Taylor
expand the hard part. Let p and n be a large “plus” and a small “minus” light-cone
vectors, respectively (p · n = 1). Any vector ℓ is then expanded as
ℓi µ = yi pµ + (ℓi · p)nµ + ℓ
⊥
i µ, yi = ℓi · n, (2)
and the integration measure in (1) is replaced as d4ℓi −→ d
4ℓi dyi δ(yi − ℓ · n). The
hard part H(ℓ) is then expanded around the dominant “plus” direction:
H(ℓ) = H(yp) +
∂H(ℓ)
∂ℓα
∣∣∣∣
ℓ=yp
(ℓ− y p)α + . . . (3)
where (ℓ− y p)α ≈ ℓ
⊥
α up to twist 3. To obtain a factorized amplitude, one performs
an integration by parts to replace ℓ⊥α by ∂
⊥
α acting on the soft correlator. This leads
to new operators containing transverse derivatives, such as ψ ∂⊥ψ, thus requiring
additional DAs Φ⊥(l). Factorization in the Dirac space is then achieved by Fierz
decomposition on a set of relevant Γ matrices. The amplitude is thus factorized as
A =
1∫
0
dy tr [Hqq(y) Γ] Φ
Γ
qq(y) +
1∫
0
dy tr
[
H⊥µqq (y) Γ
]
Φ⊥Γqq µ(y)
2
+1∫
0
dy1 dy2 tr
[
Hµqqg(y1, y2) Γ
]
ΦΓqqg µ(y1, y2) , (4)
in which the first (second) line corresponds to the 2 (3)-parton contribution (see
Fig.1). For ρ-meson production, the soft parts of A read, with i
→
Dµ= i
→
∂µ + g Aµ ,
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Figure 1: Factorization of 2- (up) and 3-parton (down) contributions in the example
of the γ∗ → ρ impact factor.
ΦΓ(y) =
+∞∫
−∞
dλ
2π
e−iλy〈ρ(p)|ψ(λn) Γψ(0)|0〉 (5)
ΦΓρ (y1, y2) =
+∞∫
−∞
dλ1dλ2
4π2
e−iλy1λ1−i(y2−y1)λ2〈ρ(p)|ψ(λ1n) Γ i
←→
DTρ (λ2n)ψ(0)|0〉 .
2.2 Vacuum–to–rho-meson matrix elements up to twist 3
In the LCCF approach, the coordinates zi in the parameterizations have to be fixed
by the light-cone vector n. This is in contrast to the CCF approach where z lies on the
light cone but does not corresponds to some fixed light-cone direction. The transverse
polarization of the ρ−meson is defined by the conditions (at twist 3, pρ ∼ p)
eT · n = eT · p = 0 . (6)
Keeping all the terms up to the twist-3 order with the axial (light-like) gauge, n·A = 0,
the matrix elements of quark-antiquark nonlocal operators can be written as (here,
z = λn and
F1= is the Fourier transformation with measure
∫ 1
0
dy exp [iy p · z])
〈ρ(pρ)|ψ(z)γµψ(0)|0〉
F1= mρ fρ
[
ϕ1(y) (e
∗ · n)pµ + ϕ3(y) e
∗
Tµ
]
, (7)
〈ρ(pρ)|ψ(z)γ5γµψ(0)|0〉
F1= mρ fρ iϕA(y) εµαβδ e
∗α
T p
βnδ , (8)
where the corresponding flavour matrix has been omitted. The momentum fraction
3
y (y) corresponds to the quark (antiquark). Denoting
←→
∂ρ =
1
2
(
−→
∂ρ −
←−
∂ρ ) , the matrix
elements of the quark-antiquark operators with transverse derivatives are
〈ρ(pρ)|ψ(z)γµi
←→
∂Tα ψ(0)|0〉
F1= mρ fρ ϕ
T
1 (y) pµe
∗
Tα (9)
〈ρ(pρ)|ψ(z)γ5γµi
←→
∂Tα ψ(0)|0〉
F1= mρ fρ iϕ
T
A(y) pµ εαλβδ e
∗λ
T p
β nδ . (10)
The matrix elements of quark-gluon nonlocal operators can be parameterized as1
〈ρ(pρ)|ψ(z1)γµgA
T
α(z2)ψ(0)|0〉
F2= mρ f
V
3 ρB(y1, y2) pµe
∗
Tα, (11)
〈ρ(pρ)|ψ(z1)γ5γµgA
T
α(z2)ψ(0)|0〉
F2= mρ f
A
3 ρ iD(y1, y2) pµ εαλβδ e
∗λ
T p
βnδ . (12)
Note that ϕ1 corresponds to the twist-2, and B and D to the genuine (dynami-
cal) twist-3, while functions ϕ3, ϕA, ϕ
T
1 , ϕ
T
A contain both parts: kinematical (a` la
Wandzura-Wilczek, noted WW) twist-3 and genuine (dynamical) twist-3.
We now recall and rewrite the original CCF parametrizations of the ρ DAs [6],
adapting them to our case when vector meson is produced in the final state, and
limiting ourselves to the twist 3 case. The formula for the axial-vector correlator is
〈ρ(pρ)|ψ(z) [z, 0] γµγ5ψ(0)|0〉 =
1
4
fρmρ ε
e∗T p z
µ
1∫
0
dy eiy(p·z) g
(a)
⊥ (y) , (13)
where we denote ε
e∗T p z
µ = ε αβγµ e
∗
Tα pβ zγ , and in which enters the Wilson line
[z1, z2] = P exp

ig
1∫
0
dt (z1 − z2)µA
µ(t z1 + (1− t) z2

 . (14)
The transverse vector eT is orthogonal to the light-cone vectors p and z, and reads
eTµ = eµ − pµ
e · z
p · z
− zµ
e · p
p · z
. (15)
Thus in the CCF parametrization the notion of ”transverse” is different with respect
to the one of LCCF defined by Eq.(6): as we discuss later in sec.3 the coordinate z
on the light-cone and the light-cone vector n point in two different directions. It is
thus useful to rewrite the original CCF parametrization in terms of the full meson
polarization vector e. This is already done for the axial-vector correlator (13) since
1The symbol
F2= means
1∫
0
dy1
1∫
0
dy2 exp [iy1 p · z1 + i(y2 − y1) p · z2] .
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due to the properties of fully antisymmetric tensor ǫµναβ one can use e instead of eT
in the r.h.s. of (13). The definition of 2-parton vector correlator of a ρ-meson reads
〈ρ(pρ)|ψ(z) [z, 0] γµψ(0)|0〉 = fρmρ
1∫
0
dy eiy(p·z)
[
pµ
e∗ · z
p · z
φ‖(y) + e
∗
Tµ g
(v)
⊥ (y)
]
, (16)
which can be rewritten after integration by parts in a form which only involve e,
〈ρ(pρ)|ψ(z) [z, 0] γµψ(0)|0〉 = fρmρ
1∫
0
dy eiy(p·z)
[
−i pµ (e
∗ · z) h(y) + e∗µ g
(v)
⊥ (y)
]
, (17)
with h(y) =
y∫
0
dv
(
φ‖(v)− g
(v)
⊥ (v)
)
and h(y) =
y∫
0
dv
(
g3(v)− g
(v)
⊥ (v)
)
.
For quark-antiquark-gluon correlators the parametrizations of Ref.[6] have the forms
〈ρ(pρ)|ψ(z)[z, t z]γαg Gµν(t z)[t z, 0]ψ(0)|0〉
= −ipα[pµe
∗
⊥ν − pνe
∗
⊥µ]mρ f
V
3 ρ
∫
DαV (α1, α2) e
i(p·z)(α1+t αg) , (18)
〈ρ(pρ)|ψ(z)[z, t z]γαγ5g G˜µν(t z)[t z, 0]ψ(0)|0〉
= −pα[pµe
∗
⊥ν − pνe
∗
⊥µ]mρ f
A
3 ρ
∫
DαA(α1, α2) e
i(p·z)(α1+t αg) , (19)
where α1, α2, αg are momentum fractions of quark, antiquark and gluon respec-
tively inside the ρ−meson,
∫
Dα =
1∫
0
dα1
1∫
0
dα2
1∫
0
dαg δ(1− α1 − α2 − αg) and G˜µν =
−1
2
ǫµναβG
αβ. In the axial gauge A ·n = 0, n2 = 0, the 3-parton correlators thus reads
〈ρ(pρ)|ψ(z)γµgAα(tz)ψ(0)|0〉=−pµ e
∗
Tαmρ f
V
3ρ
∫
Dα
αg
ei(p·z)(α1+t αg)V (α1, α2) , (20)
〈ρ(pρ)|ψ(z)γµγ5gAα(tz)ψ(0)|0〉=−ipµ
ε
z p e∗T
α
(p · z)
mρ f
A
3ρ
∫
Dα
αg
ei(p·z)(α1+tαg)A(α1, α2) .(21)
2.3 Minimal set of DAs and dictionary
The correlators introduced above are not independent. First, they are constrained by
the QCD EOMs for the field operators entering them (see, for example, [5]). In the
simplest case of fermionic fields, they follow from the vanishing of matrix elements
〈(iDˆ(0)ψ(0))α ψβ(z)〉 = 0 and 〈ψα(0) i(Dˆ(z)ψ(z))β〉 = 0 due to the Dirac equation,
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then projected on different Fierz structure. They read, with ζ
V (A)
3 =
f
V (A)
3 ρ
fρ
,
y1 ϕ3(y1) + y1 ϕA(y1) + ϕ
T
1 (y1) + ϕ
T
A(y1) = −
1∫
0
dy2
[
ζV3 B(y1, y2) + ζ
A
3 D(y1, y2)
]
, (22)
y1 ϕ3(y1)− y1 ϕA(y1)− ϕ
T
1 (y1) + ϕ
T
A(y1) = −
1∫
0
dy2
[
−ζV3 B(y2, y1) + ζ
A
3 D(y2, y1)
]
.(23)
Second, contrarily to the light-cone vector p related to the out-going meson momen-
tum, the second light-cone vector n (with p ·n = 1), required for the parametrization
of the needed LCCF correlators, is arbitrary, and the scattering amplitudes should
be n−independent. This condition expressed at the level of the full amplitude of any
process can be reduced to a set of conditions involving only the soft correlators, and
thus the DAs. For processes involving ρT production up to twist 3 level, we obtained
d
dy1
ϕT1 (y1) + ϕ1(y1)− ϕ3(y1) + ζ
V
3
1∫
0
dy2
y2 − y1
(B(y1, y2) +B(y2, y1)) = 0 , (24)
d
dy1
ϕTA(y1)− ϕA(y1) + ζ
A
3
1∫
0
dy2
y2 − y1
(D(y1, y2) +D(y2, y1)) = 0 . (25)
The starting point is to exhibit the n-dependency of the polarization vector for trans-
verse ρ which enters in the parametrization of twist 3 correlators, which is
e∗Tµ = e
∗
µ − pµ e
∗ · n . (26)
The n−independence condition of the amplitude A can thus be written as
dA
dnµ
= 0 , where
d
dnµ
=
∂
∂nµ
+ e∗µ
∂
∂(e∗ · n)
, (27)
where e denotes now both longitudinal and transverse polarizations. This will lead to
Eqs.(24, 25) on the DAs. Although Eqs.(24, 25) were derived explicitly in [14] using
as a tool the explicit example of the γ∗ → ρ impact factor, this proof is independent
of the specific process under consideration, and only rely on general arguments based
on Ward identities. For the γ∗ → ρ impact factor, one needs to consider 2-parton
contributions both without (see Fig.2) and with (see Fig.3) transverse derivative, as
well as 3-parton contributions (see Figs.4, 5). The equations (24, 25) are obtained
by considering the consequence of the n−independency on the contribution to the
CF color structure
2. To illustrate the idea which is behind this proof, let us consider
2The n−independency condition applied to the Nc structure is automatically satisfied [14].
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Eq.(24), which corresponds to the vector correlator contributions with CF invariant.
In the case of the 3-parton vector correlator (11), due to (26) the dependency on n
enters linearly and only through the scalar product e∗ · n . Thus, the action on the
amplitude of the derivative d/dn defined in (27) can be extracted by the replacement
e∗α → −pα , which means in practice that the Feynman rule entering the coupling of
the gluon inside the hard part should be replaced by −g ta γα pα . Then, using the
Ward identity for the hard part, it reads
(y1 − y2)tr
[
Hρqqg(y1, y2) pρ /p
]
= tr [Hqq(y1) /p]− tr [Hqq(y2) /p] ,
which can be seen graphically as
pµ


PSfrag replacements
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y2 − y1
µ
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y1
1− y2

= 1y1 − y2
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µ
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y1
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y1
1− y1
−
PSfrag replacements
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µ
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y1
1− y2
y1
1− y1
y2
1− y2

 . (28)
as is shown in details in [14]. Eq.(28) implies that the 3-parton contribution to the
n−independency condition can be expressed as the convolution of a 2-parton hard
part with the last term of the l.h.s of Eq.(24). A similar treatment can be applied
to the 2-parton correlators with transverse derivative whose contributions can be
viewed as 3-parton processes with vanishing gluon momentum. This leads to the
convolution of the first term of the l.h.s of Eq.(24) with the same 2-parton hard part
appearing after applying Ward identities to the 3-partons contributions. The second
term, with ϕ1, of the l.h.s of Eq.(24) originates from the 2-parton vector correlator
and corresponds to the contribution for the longitudinally polarized ρ with eL ∼ p.
The third term with ϕ3 corresponds to the contribution of the same correlator for the
polarization vector of ρT written as in Eq.(26). To finally get Eq.(24), we used the
fact that each individual term obtained above when expressing the n−independency
condition involve the same 2-parton hard part, convoluted with the Eq.(24) through
an integration over y1 . The arguments used above, based on the collinear Ward
identity, are clearly independent of the detailled structure of this resulting 2-parton
hard part, implying that Eq.(24) itself should be satisfied. A similar treatment for
axial correlators leads to Eq.(25), as we have shown in [14].
Solving the 4 equations (22, 23, 24, 25) now reduces the set of 7 DAs to the set
of the 3 independent DAs ϕ1 (twist 2) and B, D (genuine twist 3). We write ϕ3(y),
ϕA(y), ϕ
T
1 (y) and ϕ
T
A(y) generically denoted as ϕ(y) as ϕ(y) = ϕ
WW (y) + ϕgen(y)
where ϕWW (y) and ϕgen(y) are WW and genuine twist-3 contributions, respectively.
The WW DAs are solutions of Eqs. (22, 23, 24, 25) with vanishing B, D and read
ϕT WWA(1) (y1) =
1
2

−y1
y1∫
0
dv
v
ϕ1(v)− (+) y1
1∫
y1
dv
v
ϕ1(v)

 , (29)
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The solution of the set of equations for the genuine twist-3 ϕgen is given in Ref.[14].
The dictionary betweeen the 3-parton DAs in LCCF and CCF approaches is
B(y1, y2) = −
V (y1, 1− y2)
y2 − y1
, D(y1, y2) = −
A(y1, 1− y2, y2 − y1)
y2 − y1
,
ϕ1(y) = φ‖(y) , ϕ3(y) = g
(v)
⊥ (y) , ϕA(y) = −
1
4
∂g
(a)
⊥ (y)
∂y
. (30)
3 γ∗ → ρT impact factor up to twist three accuracy
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Figure 2: The 6 hard diagrams attached to the 2-parton correlators, which contribute
to the γ∗ → ρ impact factor, with momentum flux of external line along p1 direction.
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Figure 3: The 12 contributions arising from the first derivative of the 6 hard diagrams
attached to the 2-parton correlators, which contribute to the γ∗ → ρ impact factor.
The γ∗ → ρ impact factor enters the description of high energy reactions in the
kT -factorization approach, e.g. γ
∗(q) +N → ρT (p1) +N or
γ∗(q) + γ∗(q′)→ ρT (p1) + ρ(p2) (31)
where the virtual photons carry large squared momenta q2 = −Q2 (q′2 = −Q′2)
≫ Λ2QCD , and the Mandelstam variable s obeys the condition s≫ Q
2, Q′ 2,−t ≃ r2.
The hard scale which justifies the applicability of perturbative QCD is set by Q2 and
Q′2 and/or by t. Neglecting meson masses, one considers for reaction (31) the light
cone vectors p1 and p2 as the vector meson momenta (2 p1 · p2 = s). In this Sudakov
basis (transverse euclidian momenta are denoted with underlined letters), the impact
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Figure 4: The 12 ”Abelian“ type contributions from the hard scattering amplitude
attached to the 3-parton correlators for the γ∗ → ρ impact factor.
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Figure 5: The 16 ”non-abelian“ (up: one triple gluon vertex, down: two triple gluon
vertices) contributions to the γ∗ → ρ impact factor.
representation of the scattering amplitude for the reaction (31) is
M=
is
(2π)2
∫
d2k
k2
Φab1 (k, r − k)
∫
d2k′
k′2
Φab2 (−k
′, −r + k′)
δ+i∞∫
δ−i∞
dω
2πi
(
s
s0
)ω
Gω(k, k
′, r) .(32)
We focus here on the impact factor Φγ
∗→ρ of the subprocess3 g(k1, ε1) + γ
∗(q) →
g(k2, ε2)+ρT (p1) . It is the integral of the S-matrix element S
γ∗T g→ρT g
µ with respect to
the Sudakov component of the t-channel k momentum along p2 , or equivalently the
integral of its κ-channel discontinuity (κ = (q + k1)
2)
Φγ
∗→ρ(k, r − k) = eγ
∗µ 1
2s
+∞∫
0
dκ
2π
Discκ S
γ∗ g→ρ g
µ (k, r − k) . (33)
Note that within kT -factorization, the description of impact factor for produced
hadron described within QCD collinear approach requires a modification of twist
3The two reggeized gluons have so-called non-sense polarizations ε1 = ε
∗
2
= p2
√
2/s .
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counting due to the off-shellness of the t−channel partons. Therefore, when here
we say ”up to twist 3” we only mean twist counting from the point of view of the
collinear factorization of the produced ρ−meson, and not of the whole amplitude, e.g.
γ∗ p→ ρ p or γ∗ γ∗ → ρ ρ . We now consider the forward limit for simplicity. In order
to describe the collinear factorization of ρ-production inside the impact factor (33),
we note that the kinematics of the general approach discussed in section 2 is related
to our present kinematics for the impact factor (33) by setting p = p1, while a natural
choice for n is obtained by setting n = p2/(p1 · p2)
We now compare the LCCF and CCF approaches, and show that they give iden-
tical results, when using the dictionary (30). The calculation of the γ∗L → ρL impact
factor is standard [15]. Within LCCF, it receives contribution only from the diagrams
with quark-antiquark correlators, and it is given by contributions from the pµ term of
the correlators (7) of twist 2. It involves the computation of the 6 diagrams of Fig.2.
We now consider the γ∗T → ρT transition. The 2-parton contribution contains the
terms arising from the diagrams of Fig.2, where the quark-antiquark correlators have
no transverse derivative, and from the diagrams of Fig.3, where the quark-antiquark
correlators stand with a transverse derivatives (denoted with dashed lines). The con-
tributions of 3-parton correlators are of two types, the first one being of ”abelian” type
(see Fig.4) and the second involving non-abelian couplings (see Fig.5). The full result
can be decomposed into spin-non-flip and spin-flip parts, respectively proportional to
Tn.f. = −(eγ · e
∗
T ) , and Tf. =
(eγ ·k⊥)(e
∗
T ·k⊥)
k2
+
(eγ ·e∗T )
2
, and reads
Φγ
∗
T→ρT (k2) = Φ
γ∗T→ρT
n.f. (k
2) Tn.f. + Φ
γ∗T→ρT
f. (k
2) Tf , (34)
whose lenghty expressions are given in Ref.[14]. The gauge invariance of the consid-
ered impact factor is checked by the vanishing of our results for Φf. and Φn.f. when
k2 = 0. The vanishing of the ”abelian”, i.e. proportional to CF part of Φn.f. is partic-
ularly subtle since it appears as a consequence of EOMs (22, 23). Thus, the expression
for the γ∗ → ρT impact factor has finally a gauge-invariant form only provided the
genuine twist 3 contributions have been taken into account. Finally, we note that
end-point singularities do not occur here, both in WW approximation and in the full
twist-3 order approximation, due to the k regulator specific of kT -factorisation
4.
We now calculate the impact factor using the CCF parametrization of Ref.[6] for
vector meson DAs. We need to express the impact factor in terms of hard coefficient
functions and soft parts parametrized by light-cone matrix elements. The standard
technique here is an operator product expansion on the light cone, z2 → 0, which
naturally gives the leading term in the power counting and leads to the described
above factorized structure. Unfortunately we do not have an operator definition for
an impact factor, and therefore, we have to rely in our actual calculation on the
perturbation theory. However the z2 → 0 limit of any single diagram is given in
4This does not preclude the solution of the well known end-point singularity problem [4, 16].
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terms of light-cone matrix elements without any Wilson line insertion between the
quark and gluon operators, like 〈V (pV )|ψ(z)γµψ(0)|0〉 (we call them as perturbative
correlators). Actually we need to combine together contributions of quark-antiquark
and quark-antiquark gluon diagrams in order to obtain a final gauge invariant result.
At twist 3 level, expanding the Wilson line at first order, one can show that
〈ρ(pρ)|ψ(z)γµψ(0)|0〉|z2→0 =
fρmρ
[
−i pµ(e
∗ · z)
1∫
0
dy eiy(p·z)(h(y)− h˜(y)) + e∗µ
1∫
0
dy eiy(p·z)g
(v)
⊥ (z)
]
, (35)
where h˜(y) = ζV3
y∫
0
dα1
y∫
0
dα2
V (α1,α2)
α2g
, with an analogous result for the axial-vector
correlator. Comparing the obtained result (35) for the perturbative correlators with
initial parameterizations (17) we see that at twist 3-level the net effect of the Wilson
line is just some renormalization of the h function in the case of vector correlator.
For the axial-vector we obtain in addition to the function ga⊥ renormalization a new
Lorentz structure (which does not contribute to the impact factor).
Based on the dictionary (30) and on the solution of Eqs.(22, 23, 24, 25), we got
an exact equivalence between our two LCCF and CCF results, as proven in Ref.[14].
4 Conclusion
We compare the momentum space LCCF and the coordinate space CCF methods,
illustrated here for ρ-meson production up to twist 3 accuracy. The crucial point
is the use of Lorentz invariance constraints formulated as the n-independence of the
scattering amplitude within LCCF method, which leads to the necessity of taking
into account the contribution of 3-parton correlators. Our results for the γ∗ρ impact
factor in both methods are equivalent, based on our dictionary.
Acknowledgments
This work is partly supported by the ECO-NET program, contract 18853PJ, the
French-Polish scientific agreement Polonium, the grant ANR-06-JCJC-0084, the RFBR
(grants 09-02-01149, 08-02-00334, 08-02-00896), the grant NSh-1027.2008.2 and the
Polish Grant N202 249235.
References
[1] J. C. Collins, L. Frankfurt, M. Strikman, Phys. Rev. D 56, 2982 (1997).
11
[2] M. Diehl et al., Phys. Rev. D 59, 034023 (1999); J. C. Collins and M. Diehl,
Phys. Rev. D 61, 114015 (2000).
[3] D. Yu. Ivanov et al., Phys. Lett. B 550, 65 (2002); R. Enberg et al., Eur. Phys.
J. C 47, 87 (2006).
[4] L. Mankiewicz and G. Piller, Phys. Rev. D 61, 074013 (2000).
[5] I. V. Anikin and O. V. Teryaev, Phys. Lett. B 554, 51 (2003); Nucl. Phys. A
711, 199 (2002); Phys. Lett. B 509, 95 (2001).
[6] P. Ball et al., Phys. Rev. D 54, 2182 (1996); Nucl. Phys. B 529, 323 (1998);
Nucl. Phys. B 543 (1999) 201.
[7] S. A. Morrow et al. [CLAS], Eur. Phys. J. A 39, 5 (2009) [arXiv:0807.3834 [hep-
ex]]; A. Borissov [HERMES], AIP Conf. Proc. 1105 (2009) 19; V. Y. Alexakhin
et al. [COMPASS], Eur. Phys. J. C 52, 255 (2007) [arXiv:0704.1863 [hep-ex]].
[8] A. Levy, arXiv:0711.0737 [hep-ex]; S. Chekanov et al. [ZEUS], PMC Phys. A 1,
6 (2007) [arXiv:0708.1478 [hep-ex]].
[9] D. Yu. Ivanov et al., Eur. Phys. J. C 38, 195 (2004); Nucl. Phys. B 732, 183
(2006) and Eur. Phys. J. C 49, 947 (2007).
[10] B. Pire et al., Eur. Phys. J. C 44, 545 (2005); Phys. Lett. B 639, 642 (2006);
R. Enberg et al. Eur. Phys. J. C 45, 759 (2006) [Erratum-ibid. C 51, 1015
(2007)]; M. Segond et al. Eur. Phys. J. C 52, 93 (2007).
[11] I. V. Anikin, B. Pire and O. V. Teryaev, Phys. Rev. D 62 (2000) 071501.
[12] A. V. Efremov et al., Sov. J. Nucl. Phys. 36, 140 (1982) [Yad. Fiz. 36, 242
(1982)]; E. V. Shuryak et al., Nucl. Phys. B 199, 451 (1982), Nucl. Phys. B
201, 141 (1982); R.K. Ellis et al., Nucl. Phys. B 212 (1983) 29; A.V. Efremov
et al., Sov. J. Nucl. Phys. 39, 962 (1984); O. V. Teryaev, arXiv:hep-ph/0102296;
A. V. Radyushkin et al., Phys. Rev. D 64 (2001) 097504.
[13] I. V. Anikin et al., AIP Conf. Proc. 1105 (2009) 390 [arXiv:0811.2394 [hep-ph]];
arXiv:0903.4797 [hep-ph]; arXiv:0904.1482 [hep-ph]; arXiv:0909.4038 [hep-ph].
[14] I. V. Anikin, D. Yu. Ivanov, B. Pire, L. Szymanowski and S. Wallon,
arXiv:0909.4090 [hep-ph].
[15] I. F. Ginzburg, S. L. Panfil and V. G. Serbo, Nucl. Phys. B 284 (1987) 685.
[16] S. V. Goloskokov and P. Kroll, Eur. Phys. J. C 42, 281 (2005); ibid. C 50, 829
(2007); ibid. C 53, 367 (2008).
12
